A novel strain (designated sjH1 T ), characterized as aerobic, Gram-stain-negative, oxidase- T represents a distinct species that is separate from R. thiooxydans, R. denitrificans, R. soli and R. caeni. The major ubiquinone was Q-8, and major fatty acids were summed feature 9 (iso-C 17 : 1 v9c and/or C 16 : 0 10-methyl), iso-C 15 : 0 , iso-C 17 : 0 , iso-C 16 : 0 and anteiso-C 15 : 0 . Based on data from this polyphasic study, it is proposed that sjH1 T (5KCTC 42660 T 5JCM 30774 T
The genus Rhodanobacter, first described by Nalin et al. (1999) , belongs to the family Xanthomonadaceae, order Xanthomonadales and class Gammaproteobacteria within the phylum Proteobacteria. At the time of writing, the genus Rhodanobacter comprised 15 validly named species (An et al., 2009; Bui et al., 2010; De Clercq et al., 2006; Im et al., 2004; Kim et al., 2013; Lee et al., 2007; Madhaiyan et al., 2014; Nalin et al., 1999; Prakash et al., 2012; Wang et al., 2011; Weon et al., 2007; Won et al., 2015; Woo et al., 2012; Zhang et al., 2011) . The genus Rhodanobacter has the following general characteristics: Gram-stainnegative, oxidase-and catalase-positive, rod-shaped and yellow-pigmented. Most Rhodanobacter species have been isolated from soil. Here, strain sjH1
T was examined using a polyphasic approach that includes information obtained from phenotypic and genotypic analyses.
Strain sjH1
T was isolated from mine wastewater collected at Chungcheongbuk-do in South Korea (368 229 56.400 N 1278 489 19.210 E) . A mine wastewater sample was collected in a sterile conical tube and serially diluted in R2A broth medium (MB cell). The mixture was aerobically incubated at 25 8C in glass tubes and subcultured every 2 weeks by transferring 1% (v/v) of the culture into R2A broth medium. After three subcultivations, the enrichment culture was spread onto R2A agar plates (Difco) and incubated at 25 8C for 3 days under aerobic conditions. Single colonies were transferred to a new R2A agar plate and a single colony selected from this plate was designated sjH1 T . After isolation, strain sjH1 T was cultured routinely on R2A agar plates at 30 8C and maintained as a glycerol suspension (30%, w/v) at 280 8C.
For phylogenetic analysis, DNA was extracted from strain sjH1 T using a commercial genomic DNA extraction kit (Gene All). The 16S rRNA gene was amplified from the chromosomal DNA by PCR using the universal bacterial primer pair 27F (59-AGAGTTTGATCMTGGCTCAG-39) and 1492R (59-GGTTACCTTGTTACGACTT-39) (Weisburg et al., 1991) . The PCR product was then purified with a PCR purification kit (Cosmo Genetech) and sequenced by Cosmo Genetech. The 16S rRNA gene sequence of strain sjH1
T was 1404 bp in length. The 16S rRNA gene sequences of related taxa were obtained from the GenBank database and from the EzTaxon server .
The sequences were edited using the BioEdit program (Hall, 1999) and multiple alignments were made using CLUSTAL X (Thompson et al., 1997) . Evolutionary distances were calculated using the Kimura two-parameter model (Kimura, 1983) . Phylogenetic trees were reconstructed in MEGA6 (Tamura et al., 2013) using the neighbour-joining (Saitou & Nei, 1987) , maximum-likelihood (Felsenstein, 1981) and maximum-parsimony (Fitch, 1971 ) methods, with bootstrap values based on 1000 replications (Felsenstein, 1985) . Phylogenetic analysis indicated that strain sjH1 T clearly belonged to the genus Rhodanobacter (Fig. 1) Rhodanobacter ginsengisoli GR17-7R T (EF166075)
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Rhodanobacter koreensis THG-DD7 T (KF532124) similarity and phylogenetic position. Unless stated otherwise, all reference strains were grown on R2A medium under optimal culture conditions (Bui et al., 2010; Lee et al., 2007; Prakash et al., 2012; Woo et al., 2012) .
Genomic DNA extracted for 16S rRNA gene amplification was also used to determine the DNA G+C content. RNA was removed from the DNA solution by incubation with a mixture of RNase A and T1 (each at 20 U ml
21
) at 30 8C for 1 h. The DNA G+C content was determined by HPLC (Shimadzu) as described previously (Mesbah et al., 1989) . The genomic DNA G+C content of strain sjH1 T was 69.2 mol%, which was higher than that reported for species of the genus Rhodanobacter (61.0-67.6 mol%).
DNA-DNA hybridization was conducted fluorometrically in microwells as described by Ezaki et al. (1989) To compare cellular fatty acid composition, strain sjH1
T and R. thiooxydans LCS2 T were grown on R2A medium at 25 8C for 4 days. Fatty acid methyl esters were prepared and extracted according to the protocol published in the Sherlock Microbial Identification System (MIDI) and the profiles were determined according to the MIDI/Hewlett Packard Microbial Identification System using GC (6890N and 7683 autosampler; Agilent Technologies), according to the manufacturer's instructions (Sasser, 1990) . Polar lipids and isoprenoid quinones were extracted from freeze-dried cells (100 mg) derived from the isolated strain and analysed as described by Komagata & Suzuki (1987 T were summed feature 9, iso-C 15 : 0 , iso-C 17 : 0 , iso-C 16 : 0 and anteiso-C 15 : 0 . Summed feature 9 comprised iso-C 17 : 1 v9c and/or C 16 : 0 10-methyl. This major fatty acid profile matched those of other type strains of the genus Rhodanobacter. The only differences were that anteiso-C 17 : 0 was present only in sjH1 T , whereas iso-C 12 : 0 3-OH and iso-C 14 : 0 were absent from sjH1 T . Quinone analysis revealed a spot that corresponded to ubiquinone Q-8. The polar lipid profile of strain sjH1
T comprised diphosphatidylglycerol, phosphatidyl-N-methylethanolamine, phosphatidylethanolamine, phosphatidylglycerol, an unidentified aminophospholipid and an unidentified lipid (Fig. S1 , available in the online Supplementary Material).
The motility of cells grown for 2 days on an R2A agar plate at 30 8C was observed under a light microscope. Cell morphology and size were observed under a light microscope (Olympus JP/CX 21) and under a transmission electron microscope (JEM-1400 PLUSS). The Gram reaction was performed using BD Gram staining kits and reagents, according to the manufacturer's instructions. Anaerobic growth was tested using the BD GasPak EZ Gas Generating Pouch System over a period of 2 weeks. Oxidase activity was tested using 1% (w/v) tetramethyl-p-phenylenediamine and catalase activity was tested using 3% H 2 O 2 . The ability to oxidize sulfur under aerobic conditions was determined using 1 mM thiosulfate, 1 mM tetrathionate and 1 mM sulfite. The thiosulfate concentration was determined colorimetrically as previously described (Park et al., 2011; Voroteliak et al., 1993) . The temperature range for growth on R2A agar was examined at 5, 10, 20, 25, 30, 37 and 50 8C and the optimal pH range was assessed by growth in R2A broth at pH 3.0-10.0 (increments of 0.5 pH units; pH adjusted with 1 M NaOH and HCl) in the presence of the following buffers: 10 mM Homo-PIPES (pH 3.0-5.0), 10 mM MES (pH 5.0-6.5), 10 mM Bistris propane (pH 7.0-8.5) or 10 mM CAPS (pH 9.0-10.0). The requirement for NaCl was tested by incubation for 7 days at 30 8C in R2A broth supplemented with NaCl (0-3%, w/v). Carbon source utilization tests and enzyme activity tests were performed using the API 20NE and API Cells of strain sjH1 T were Gram-stain-negative, aerobic, motile, oxidase-positive and catalase-negative; by contrast, most Rhodanobacter species are catalase-positive. Cells were rod-shaped and measured approximately 0.6-0.7 mm61.2-1.5 mm (Fig. S2) . Colonies (1.0-2.0 mm in diameter) grown on R2A agar after 72 h at 30 8C were smooth, yellow-pigmented, circular and convex. The growth temperature range on R2A agar was 20-40 8C (optimum 25-30 8C). The strain grew in R2A broth at pH 3.5-9.0 (optimum, pH 5.5, Fig. S3 ) and in the presence of 1-2% (w/v) NaCl (but not 3% NaCl). Strain sjH1 T was not able to oxidize sulfur. The physiological and biological characteristics of strain sjH1
T are summarized in the species description, and a comparison of selective characteristics between strain sjH1
T and related type strains is shown in Table 2 . Table 2 . Characteristics of strain sjH1 T and closely related type strains of species belonging to the genus Rhodanobacter
Strains: 1, sjH1 T (data from this study); 2, R. thiooxydans LCS2 T (Lee et al., 2007) ; 3, R. denitrificans 2APBS1 T (Prakash et al., 2012) ; 4, R. soli DCY45 T (Bui et al., 2010) ; 5, R. caeni MJ01 T (Woo et al., 2012) . All strains were Gram-stain-negative and rod-shaped and had Q-8 as the predominant quinone. All strains were negative for lipase (C14), acid phosphatase, b-galactosidase, a-mannosidase and a-fucosidase activity, and did not assimilate glycerol, inosine, raffinose, L-rhamnose, D-sorbitol, D-mannitol, D-arabitol, N-acetyl-b-D-mannosamine, N-acetyl 
N-Acetyl-D-galactosamine Phylogenetic analysis based on 16S rRNA gene sequences indicated that strain sjH1 T is related to the genus Rhodanobacter. However, strain sjH1 T had phenotypic characteristics that are different from those of recognized Rhodanobacter species, including colony morphology and a lack of catalase activity, and showed low DNA-DNA relatedness values (,55%) with the type strains of related species. Therefore, strain sjH1
T is considered to represent a novel species of the genus Rhodanobacter, for which the name Rhodanobacter aciditrophus sp. nov. is proposed.
Description of Rhodanobacter aciditrophus sp. nov.
Rhodanobacter aciditrophus [a.ci.di.tro9phus. N.L. neut. n. acidum (from L. adj. acidus -a -um sour) an acid; Gr. suff. trophos (from Gr. v. trepho to feed) feeder; N.L. masc. adj. aciditrophus growing with acid].
Cells are motile, aerobic, rod-shaped (0.6-0.7 mm|1.2-1.5 mm), Gram-stain-negative, oxidase-positive and catalase-negative. Cells grow on R2A agar after 72 h at 30 uC. Colonies are 1.0-2.0 mm in diameter, smooth, yellow-pigmented, circular and convex. Growth occurs at 20-40 uC (optimal, 25-30 uC), at pH 3.5-9.0 (optimal, pH 5.5) and with 0-2% (w/v) NaCl. Reduces nitrate to nitrite; thiosulfate is not oxidized. Aesculin ferric citrate is hydrolysed, but not gelatin or urea. Positive for esterase (C8), trypsin, b-glucosidase and N-acetyl-b-glucosaminidase activity, but negative for alkaline phosphatase, valine arylamidase, cystine arylamidase, acid phosphatase, naphthol-AS-BIphosphohydrolase, a-galactosidase, b-galactosidase, a-glucosidase, b-glucuronidase, a-mannosidase and a-fucosidase activity. The following substrates are utilized as carbon and energy sources for growth: maltose, trehalose, cellobiose, D-galactose, N-acetyl-D-glucosamine, a-D-glucose, glycyl L-proline, L-aspartic acid, L-glutamic acid, L-serine, methyl pyruvate, a-ketobutyric acid, acetic acid, dextrin, gentiobiose, melibiose, N-acetyl-D-galactosamine, D-mannose, D-fructose, 3-methyl glucose, D-fucose, L-fucose, Lalanine, D-galacturonic acid, D-glucuronic acid, L-lactic acid, Tween 40, acetoacetic acid and propionic acid. The major quinone is ubiquinone Q-8. The major fatty acids are summed feature 9 (iso-C 17 : 1 v9c and/or C 16 : 0 10-methyl), iso-C 15 : 0 , iso-C 17 : 0 , iso-C 16 : 0 and anteiso-C 15 : 0 . The polar lipids comprise diphosphatidylglycerol, phosphatidyl-N-methylethanolamine, phosphatidylethanolamine, phosphatidylglycerol, an unidentified aminophospholipid and an unidentified lipid.
The type strain, sjH1
T (5KCTC 42660 T 5JCM30774 T ), was isolated from mine wastewater in South Korea. The G+C content of the DNA of the type strain is 69.2 mol%.
